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ULMACEAEMirbel, Elem. Phys. Veg. Bot. 2: 905. 1815, nom. cons.

Trees or shrubs with watery sap; leaves with conduplic

alternate [rarely opposite], simple, the blade usually oblique at base,

entire to variously serrate, petiolate; stipules paired, lateral or intra-

petiolar, caducous; flowers perfect to imperfect (often by abortion of

either androecium or gynoecium), actinomorphic to slightly zygomorphic,

solitary, cymose, or in axillary fasciculate aggregations, usually borne on

branchlets of the previous season (Ulmeae) or of the current season

(Celteae). Perianth herbaceous, subcampanulate, (2-)4-8(-9)-lobed, the

lobes free or variously fused, imbricate [valvate], persistent. Stamens

erect in bud, hypogynous, arising from the base of the perianth, usually

the same number as and opposite the perianth lobes [or sometimes more],

the filaments distinct, the anthers bilocular with longitudinal dehiscence,

extrorse or introrse; pollen 2-5 (-6) aperturate (-porate, -colpate or

-rupate), oblate to oblate-spheroidal. Gynoecium composed of 2 connate

carpels; styles 2, linear, stigmatose along the upper inner surface, ovary

superior, usually 1-loculate (occasionally 2-loculate in Ulmus), sessile

to stipitate, the ovule 1 , anatropous or amphitropous, pendulous from the

apex of the locule, with 2 integuments. Fruit a samara, dry or thinly

fleshy, often winged or appendaged, the seed with a straight embryo and

without endosperm, or fruit a drupe, the seed with a curved embryo with
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folded or rolled cotyledons and usually with scanty endosperm. Embryo
sac of the Polygonum type (Celtis) or of the Adoxa and Drusa types

(Celtaceae Link.) Type

A family of about 15 genera and 150-200 species distributed through-

out much of the Northern Hemisphere and reaching into subtropical and
tropical areas. Four genera are represented in the continental United

States: Ulmus, with six species in the southeastern United States; Celtis,

with five species in our range; Planer a, a monotypic genus of the south-

eastern United States; and Trema, largely tropical, but with two species

reaching into southern and central Florida. Additional New World
genera include Lozanella Greenman, Ampelocera Klotzsch, and Miranda-
celtis A. J. Sharp, all essentially tropical.

The Ulmaceae, one of five families in the order of Urticales, is distin-

guished from its nearest new world relatives the Moraceae, Cannabaceae,
and Urticaceae by watery sap, leaves usually oblique at the base, flowers

usually perfect, stamens erect in bud, fruit a samara or drupe, and seed

with little or no endosperm. Using floral morphology and anatomy,

Bechtel demonstrated the Ulmaceae to be the most primitive family in

the order Urticales. In Ulmus, the flowers show evidence of suppression

of a whorl of stamens and of one of the perianth whorls. Although the floral

parts are cyclic in most ulmaceous genera, those of Ulmus are spirally

arranged. In the gynoecium of Ulmaceae the many abortive vascular

strands suggest suppression of carpels, the bicarpellate condition possibly

having been derived from a polycarpellate condition. Tippo, using data

from wood anatomy, confirmed this phylogenetic arrangement. It was

pointed out that ring porosity appeared more commonly in the Ulmaceae

(essentially temperate) than in the Moraceae (essentially tropical).

Dumortier divided the family into tribes Celteae (incorrectly Celti-

deae) and Ulmeae, but Engler raised the two divisions to subfamilial

status. A third subfamily infrequently recognized is Barbeyoideae, but

many workers place the monotypic genus Barbeya Schweinf. in a family

of its own, Barbeyaceae Rendle.

The two tribes (subfamilies) can generally be separated by their pollen,

the Ulmeae usually having 4- or 5-porate, -colpate, or -rupate grains, the

Celteae usually having 2- or 3-porate grains. The only exception is

Zelkova (Celteae) which typically has the Ulmus type of pollen.

Fairly abundant in the fossil record, fruits, as well as leaves, of Ulmus

and Celtis have been found in large numbers. Zelkova, Hemiptelea, and

Pteroceltis also are known as fossils.

The wood of Ulmus is of limited importance in the manufacture of

furniture. The bark of U. rubra, high in mucilage content, has been used

in medicinal preparations. Numerous cultivars of Ulmus, many resulting

from efforts to produce disease resistant forms, are grown domestically

as ornamentals.
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Key to the Genera of Ul:

. Flowers usually perfect; fruits either flattenec

tuberances ; embryo straight,

(Ulmeae).

B. Fruit a flat, winged samara; leaves usually biserrate; flowers appearing

either before or after the leaves 1. Ulmus.
B. Fruit ovoid, wingless with numerous fleshy protuberances; leaves mostly

serrate; flowers appearing with the leaves 2. Planera.

,
Flowers usually imperfect; fruits drupaceous; embryo curved, cotyledons

variously folded (Celteae).

C. Carpellate flowers solitary or in few-flowered fascicles; anthers extrorse;

plants often spinose 3. Celtis.

C. Carpellate flowers in axillary, subsessile cymes; anthers introrse; plants

unarmed 4. Tretna.

Tribe Ulmeae [Dumort.]

1. Ulmus Linnaeus, Sp. PI. 1: 225. 1753; Gen. PI. ed. 5. 106. 1754.

Trees (or infrequently shrubs) of various habitats, the bark usually

deeply furrowed; branches unarmed, slender, terete, often with corky

wings; leaf buds axillary, covered with numerous ovate to rounded chest-

nut-brown, glabrous to pubescent, closely imbricated scales, the inner

scales accrescent and replacing the stipules, deciduous, leaving ring-like

scars. Leaves distichous, petiolate, simply or doubly serrate, pinnately

veined, deciduous to subpersistent [rarely persisting until new growth]

;

stipules lateral, linear-lanceolate to obovate, entire, free or connate at the

base, scarious, inclosing the leaf in bud, caducous. Flowers perfect [rare-

ly imperfect, the plants then polygamous], vernal to autumnal, minute,

articulate on slender 2-bracteolate pedicels, produced in axillary subsessile

or pedicellate cymes or racemes. Perianth uniseriate, campanulate, slight-

ly to deeply (4-)5(-9)-lobed, membranaceous, marcescent. Stamens with

the filaments filiform to ± flattened, exserted after anthesis; anthers ob-

long, emarginate, subcordate at the base, dorsified below the middle, ex-

trorse. Style deeply 2-lobed, divergent, the lobes papillate and stigmatic

on the inner face, ovary sessile or stipitate, compressed, glabrous or hir-

sute, usually 1-locular by abortion, rarely 2-locular; ovule amphitropous,

micropyle extrorse, superior. Fruit a ± flattened samara, ovate to oblong,

often oblique, sessile or stipitate, surrounded at the base by the marcescent

calyx, often beaked by the remnants of the persistent styles, occasionally

marked vertically by the thickened line of union of the two carpels, and
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with a thin reticulate-venulose, membranaceous, light

narrow wing [± unwinged], the wing often ciliate on

ovate, compressed, marked on the abaxial edge wit!

without endosperm; seed i

rown, broad or

le margin. Seed

the thin raphe,

membranaceous, light or dark brown,

, flower at time of shedding of pollei

:ed. X 4; h, embryo, X 4. i-k, U. i

• ire fruit

rarely produced into a narrow wing. Embryo straight; cotyledons flat

or slightly convex, fleshy, much longer than the superior radicle, the

hilum oblong-linear, pale. (Including Microptelea Spach, Chaetoptelea

Liebmann.) Type species: U. campestris L. = U. glabra Hudson; see
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A genus of 25-30 species widely distributed through temperate and
boreal regions of the Northern Hemisphere, with central and northern

Asia the apparent center of distribution. Six species occur in eastern

North America, but the genus is noticeably absent from western North
America. Ulmus is found throughout Europe, extends south to the

mountains of northern Africa, east to Turkey and the Caucasus Mountains,

Pakistan, and the western Himalayas, to Siberia, Manchuria, and north-

ern China to Japan. The genus has been divided into various sub-

genera, sections, and series (Spach, 1841; Planchon, 1848; Schneider,

1904); in the most recent subgeneric classification, Rehder (1949) recog-

nized five sections, each represented in our range by at least one species.

Key to the Sections of Ulmus in the Southeastern United States

A. Flowers vernal, appearing before the leaves; perianth with short, often un-

equal lobes.

B. Flowers subsessile to very short pedicellate, not pendulous; samaras not

ciliate on the margins Sect. Ulmus.
B. Flowers long pedicellate, often unequally so, becoming pendulous; sa-

maras marginally ciliate.

C. Flowers fasciculate, the floral as gating; samaras

glabrous on the sides; branches without corky wings

Sect. Blepharocarpus.

C. Flowers racemose, the floral axis slender and elongating; samaras

pubescent on the sides; branches often with corky wings

Sect. Chaetoptelea.

A. Flowers autumnal or appearing considerably after the leaves; perianth with

the lobes deeply divided, often to the base.

D. Flowers fasciculate, not pendulous, 4-5(-8)-merous; leaves subpersis-

tent to ± persistent Sect. Microptelea.

D. Flowers in pendulous racemes, 6-9-merous ; leaves deciduous

Sect. Trichoptelea.

Section Ulmus (§ Madocarpus Dumort.), an extensive Eurasian group,

is represented in North America only by Ulmus rubra Muhl. (U. julva

Michx.), slippery elm, In = 28. Occurring from southwestern Maine

westward through southern Ontario to eastern North Dakota, southward

to western Oklahoma and central and southeastern Texas, and eastward

to central Georgia and northwestern Florida, U. rubra is commonly

found in lowlands, especially in rich soil along stream banks and on low,

-The Linnaean name for the type species of the name Ulmus is U. campestris L.

Since it has been used for three other species (U. glabra Hudson, U. carpinifolia Rup-

pius ex Suckow, and U. procera R. A. Salisbury) this name is now considered a

nomen ambiguum to be rejected under Art. 69 of the Code (see Report of Standing

n Stabilization, Synop. Prop. Bot. Nomencl. XI Internatl. Bot. Congr.,

le, 1969. Append. E, p. 113. 1969.). The correct name for this species appears

i U. glabra Huds. (cf. Melville, 1938, and Rehder, 1949).
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rocky hillsides. In addition to the sectional characters, U. rubra is char-

acterized by the ciliate leaves being scabrous above and by the very

mucilaginous inner bark. Sterile, scabrous-leaved specimens of U. ameri-

cana may be confused with this species but are distinguishable by the

hardly mucilaginous bark.

Section Blepharocarpus Dumort. comprises a small group of Euro-

pean species and a single North American one, Ulmus americana L.,

American, soft, water, or white elm, In = (28) 56. It occupies a broad

range from Newfoundland west to southern Manitoba and eastern Sas-

katchewan, south to North Dakota, southeastern Montana, western

Nebraska, western Oklahoma and central Texas, and in the east to

Florida. It is readily identified by the flowers borne in close fascicles with

elongating, pendulous pedicels, and a marginally ciliate, elliptic samara.

The leaves may be smooth to scabrous above.

Fernald recognized four forms based on combinations of two pairs of

vegetative characters: f. pendula (Ait.) Fern., with pubescent branchlets

and the leaves smooth above; f. laevior Fern., with the branchlets as

well as the upper leaf surfaces smooth; f. alba (Ait.) Fern., with pubes-

cent branchlets and the leaves harshly scabrous above; and f. inter-

cedens Fern., with glabrous branchlets and the leaves harshly scabrous

above. All four can be found in our range, but attempts to distinguish

them can end in frustration, for both smooth and scabrous leaves can

be found on the same tree (Thieret). Varietas floridana (Chapm.) Little

(U. floridana Chapm.), Florida elm, differing from var. americana only

in degree in several quantitative characters (cf. Kurz & Godfrey, p. 113)

is found on the Coastal Plain from eastern North Carolina to central

Florida.

Natural hybrids of Ulmus americana are rare. Artificial hybrids have

been made between this species and both U. pumila L., In = 28, and

U. laevis Pallas (cited as U. pedunculata Fougeroux by Winieski), but

seed production from the crosses was very low and germination of the

hybrid seeds even lower. Sax (1933) postulated that U. americana rarely

crosses successfully with other Ulmus species because of an inability

of the chromosomes to pair, since most species are diploid {In = 28),

while most American elms are tetraploids. Much of the genetic re-

search with the elms, especially U. americana, has been concerned with

the development of various races and hybrids which would hopefully be
resistant to the Dutch elm disease and/or phloem necrosis. The closest

relative of U. americana is the European U. laevis Pallas, In - 28.

Section Chaetoptelea (Liebm.) Schneid., a New World section of

only three species, is represented in our range by Ulmus Thomasii Sarg.

and U. alata Michx., both of which frequently have corky-winged branch-
lets. Ulmus Thomasii, rock elm, In = 28, is known from western Ver-
mont west to southern Ontario, central Michigan, Wisconsin, northern
Minnesota, and southeastern South Dakota, south to northern and eastern

Nebraska and eastern Kansas, east to Missouri and Tennessee (and lo-

cally in northwestern Arkansas), and northeastward to Ohio and New
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York. Ulmas alata, wahoo, winged, or cork elm, occurs from Virginia

to Kentucky, southern Indiana, southern Illinois, and Missouri, south to

central Oklahoma, eastern and southeastern Texas, and east to central

Florida. Both species are commonly found on dry, rocky uplands, slopes,

or cliffs. The two are easily distinguished by the broadly elliptic samaras
and larger, distinctly petiolate leaves of U. Thomasii, in contrast with

the lanceolate-ovate samaras and small, subsessile leaves of U. alata.

The third member of this section is U. mexicana (Liebm.) Planch.

(Chaetoptelea mexicana Liebm.), which occurs in mountainous areas

from southern Mexico southward to Panama.

Section Microptelea (Spach) Benth. & Hook, includes only the

closely related but widely separated Ulmus parvifolia Jacq., of eastern

Asia, and U. crassifolia Nutt., cedar, basket, or southern rock elm, of the

southern United States. The latter is found in southwestern Tennessee,

Arkansas, and southern Oklahoma, south to central and southern Texas,

Louisiana, and western Mississippi. An isolated station was recently dis-

covered in northern Florida (Suwanee County), and intervening stations

should be looked for in Alabama and eastern Mississippi. It is ques-

tionably known from Nuevo Leon, Mexico. The older branches fre-

quently have corky wings. This species, along with its Asian counterpart,

is usually a tall tree reaching to 25 m. and is often free of branches for

half its height. The frequently thick bark usually peels off in scales,

exposing the brownish inner bark. Although described as a member of

the following section, the poorly known U. monterreyensis C. H. Muller

of Nuevo Leon, Mexico, is vegetatively very similar to U. crassifolia, but

fruits and additional flowering material are needed before it can be placed

properly.

Section Trichoptelea Schneid. contains Ulmus serotina Sarg., Sep-

tember elm. probablv the sole member of this section, which ranges from

southern Illinois, Kentucky, and Tennessee, south to northern Alabama,

northwestern Georgia, Arkansas, and eastern Oklahoma. Flowering and

fruiting later than U. crassifolia, U. serotina is usually found in bottom

lands and on limestone hills.

Of the numerous species and cultivars in cultivation (see Green),

three appear to be naturalized and spreading from cultivation. The
English elm. Ulmus procera Salisb. (§ Ulmus), naturalized from south-

ern New England and New York southward to Virginia, has been re-

ported by Crutchfield from Roanoke Island, North Carolina. The other

European introduction in eastern North America, U. glabra Huds. (U.

campestris L.. pro parte) (§ Ulmus), Wych elm, has not been reported as

being naturalized in our range. The third species, U. pumila L., (§ Ul-

mus), dwarf or Siberian elm, introduced from Asia and apparently sta-

bilized from Minnesota to Kansas and in Utah, has also been reported

from North Carolina by Crutchfield. This species has been planted in

the northeastern and midwestern United States in parks, along boule-

vards, and on farms for windbreaks. It has mistakenly been called U.
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parvifolia, Chinese elm, a species of eastern Siberia, northern China, and

Japan which is not cultivated to any extent in the United States.

Pollination in Ulmus is clearly by wind, and, within our range, the

elms contribute to both the early spring hayfever or tree-fever and the

late-summer hayfever seasons. Ulmus data, U. americana, and possibly

U. rubra, all producing prodigious amounts of pollen, cause hayfever

mainly in February and March in the Virginias and Carolinas (Wode-

house). Flowering about the same time as the ragweeds, U. crassijolia

usually complicates late summer hayfever. Ulmus serotina, does not ap-

pear to be significant as a hayfever plant.

Although the flowers of Ulmus are perfect, cross pollination is ap-

parently necessary to insure good seed production. It has not been clearly

established whether the plants are partially or wholly self-incompatible

or whether the proterogyny or proterandry reported in several species

accounts for the lack of self fertilization. Further study of the floral

maturation patterns is needed.

The base chromosome number for Ulmus appears to be 14 (2« = 28).

Chromosome numbers for at least 13 species have been reported, with

most U. americana and possibly some U. glabra at the tetraploid level,

2n = 56. According to Sax, U. americana is probably an autotetraploid.

Ehrenberg, in a study of the pollen of U. glabra, reported partial sterility

in 47.2 per cent of the plants studied. The embryo sacs are tetrasporic

and of the Adoxa or Drusa types or a modified form of the two.

First appearing in the Upper Cretaceous, Ulmus became abundant and

widespread in the rocks of the early Tertiary (over 28 Eocene species

described). Apparently reaching its maximum distribution during the

Miocene (ca. 30 species), Ulmus was widespread in Europe, both eastern

and western North America, and Asia. Pleistocene deposits have yielded

some eight species, most of which are still extant.

Although many species of elms have corky flanges (wings) on the

branches, the nature of these has been studied only in U. X hollandica

Mill, in which the wings are produced by a symmetrical longitudinal

splitting of the cork into bands which project like wings from the stem

surface (Smithson). The corky wings found in U. alata and U. crassi-

jolia have not been investigated.

Of the many diseases of elms, none has received as much attention as

the Dutch elm disease, so called because much of the early work on it

was done in Holland. Discovered in France in 1918 and now occurring

over most of western Europe, it reached the United States about 1930,

probably in a shipment of elm burl logs imported for veneer. It has now
spread throughout the northeastern United States and has reached On-
tario and Quebec and at least as far west as Illinois and as far south as

Tennessee. Ulmus species vary in susceptibility, but U. americana, wide-
ly planted as a street tree in northeastern North America, is especially

vulnerable and is possibly threatened with extinction. The disease is

caused by an ascomycete. Ceratocystis ulmi {Ceratostomella ulmi), a.

yeast-like stage of which spreads through the vessels. It both produces
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a toxin and stimulates the production of tyloses in the vessels, blocking
water flow and causing wilting and death of the infected parts. The fungal

spores are carried by the bark beetles Scolytus multistriatus and Hylur-
gopinus rufipes (and perhaps others), which lay their eggs in dead or

injured bark of the trunk and branches of elms. The larvae tunnel under
the bark in a characteristic feather-like pattern. The fungus sporulates in

cracks in the bark, beneath dying bark, and in the beetle tunnels, and the

sticky spores are carried by the emerging adult beetles to uninfected

branches of the same or other trees where the beetles feed for a time
before breeding. The spores enter the healthy tissues through the feed-

ing wounds made by the beetles in the thin bark of young shoots. No sat-

isfactory control has yet been found, but control of the beetles through

spraying and removal and burning of diseased trees is widely practiced in

cities. Several clones have been reported to be resistant to the disease: a

highly regarded one is U. carpinijolia 'Christine Buisman', which, although

showing considerable resistance to phloem necrosis as well, is unusually

susceptible to a dieback caused by Nectria cinnabarina.

Phloem necrosis, caused by the virus Morsus ulmi, is even more deadly

and has been known to kill an elm in a single season. The virus attacks

the phloem, eventually destroying the phloem elements, interrupting the

food supply to the roots, and causing in the more advanced stages small

and even large roots to die. It is transmitted by the elm leaf-hopper,

Scaphiodeus luteolus, which can be controlled by various insecticides.

An American disease, cephalosporium wilt, caused by the imperfect

fungus Dothiorella ulmi, causes foliage wilting and dieback of the young

branches. Judicious pruning can usually control and eradicate this threat.

Elms are attacked by numerous insect pests, including the elm leaf-

curl aphid, Ariosoma ulmi; the leaf beetle, Galerucella luteola; the elm

borer, Saperda tridentata; the elm lace bug, Corythucha ulmi; and the

gypsy moth, Porthetria dispar.

The wood of elm is heavy, tough, strong, often flexible, durable under

water, often difficult to split, and fairly attractive in appearance. The

sapwood is usually yellowish or cream colored with brown or grayish-

brown heartwood. The wood of all the species in our range is ring por-

ous. A minor lumber source, elm wood is used in shipbuilding, panelling,

crates, and in some furniture. At one time it was commonly used for

wheel hubs. High in mucilage content, the inner bark of U. rubra, and

to a lesser extent that of U. americana, has been used in various decoctions

in folk and Indian medicine in the southeastern United States.

Many popular or semipopular articles about Ulmns and numerous references

ancerning the Dutch elm disease have been omitted. Under family references

;e Baillon, 187; Bernard. 1108-1112; Berry, 146-153; Fowells, 724-742;

riBSON, 379-394; Jongmans, 23-66; Kurz & Godfrey, 109-115; Vines, 208-



28 JOURNALOF THE ARNOLDARBORETUM [vol. 51

northeastern Minnesota. Ecology 38: 622-628. 1957. [Includes U. ameri-

Baringer, J. W. Phloem necrosis of elms. Minutes Natl. PI. Board Annual

Meeting 19: 15, 16. 1944.*

Barton, L. V. Storage of elm seeds. Contr. Boyce Thompson Inst. 10: 221-233.

pis. 1, 2. 1939.

Beattie, R. K. How the Dutch elm disease reached America. Proc. Natl. Shade

Tree Conf. 9: 101-105. 1933*

Billings, F. H. Precursory leaf-serrations of Ulmus americana. Bot. Gaz. 40:

224, 225. pis. 1, 2. 1905.

Borthwick, H. A. Light effects on tree growth and seed germination. Ohio

Jour. Sci. 57: 357-364. 1957. \U. americana.']

Bretz, T. W. Leaf-bud cuttings as a means of propagating disease-resistant

elms. PL Disease Rep. 33: 434-436. 1949 *

Broadhurst, J. Self-pruning in the American elm. Torreya 17: 21-24. pis.

1,2. 1917.

Brown, N. A. Tumors on elm and maple trees. Phytopathology 31: 541-548.

pis. 1-3. 1941.

Brown, R. L. Wood structure of elms, maples and oaks as a means of identify-

ing species. Rep. Mich. Acad. Sci. 4: 109-112. 1904.

Carter, J. C. Inheritance of foliage variegation in variegated English elm {Ul-

mus procera argenteo-variegata) . Trans. Illinois Acad. Sci. 39: 43-46, pis.

1, 2. 1946.

Chase, S. S. A case of albinism and of presumptive self-compatibility in Ul-

mus L. Rhodora 70: 294-296. 1968.

Christensen, E. M. The recent naturalization of Siberian elm (Ulmus pumila

L.) in Utah. Great Basin Nat. 24: 103-106. 1964.

Creager, D. B. The Cephalosporium disease of elms. Contr. Arnold Arb. 10:

1-91. pis. 1-16. 1937.

Crutchfield, P. J. Taxa collected from Roanoke Island new to the flora of

North Carolina. Castanea 29: 129-137. 1964. [£/. procera, U. pumila.]

Dallimore, W. Elms and elm timber. Quart. Jour. Forestry 14: 109-118. 1920.

D'Amato, F. Embriologia de Ulmus campestris L. Nuovo Giorn. Bot. Ital. II.

47: 247-263. 1940.

DeSmidt, W. G. Studies of the distribution and volume of the wood rays in

slippery elm, Ulmus fulva. Jour. Forestry 20: 353-362. 1922.

Detwiler, S. B. The American elm (Ulmus americana). Am. Forestry 22:

259-267. 1916.

Ehrenberg, C. E. Studies on elm pollen. Bot. Not. 3: 308-316. 1953. [U.

glabra.]

Ekdahl, I. Die Entwicklung von Embryosack und Embryo bei Ulmus glabra

Huds. Sv. Bot. Tidskr. 35: 143-156. 1941.

Evert, R. F., C. M. Tucker, & J. D. Davis. Aspects of sieve-tube member
ontogeny and structure in Ulmus americana. (Abstr.) Am. Jour. Bot. 55:

Fernald, M. L. Botanical specialties of the Seward Forest and adjacent areas

of southeastern Virginia. Rhodora 47: 93-142. 1945. [The indigenous

variations of Ulmus americana, 132, 133.]

George, E. J. Storage and dewinging of American elm seed. Jour. Forestry
35: 769-772. 1937.

Gillham, J. K.. & T. E. Timell. The hemiceliulose of white elm (Ulmus



ELIAS, GENERAOF ULMACEAE 29

Canad. Jour. Chem. 36: 410-413. 1958; II. Ibid. 1467-

Green, P. S. Registration of cultivar names in Ulmus. Arnoldia 24: 41-80.
1964.

Grudzinskaia, I. A. De genere Ulmus L. (sect. Blepharocarpus Dumort.) no-
tulae systematicae. (In Russian.) Not. Syst. Leningrad 18: 51-57. 1957.

Gustafson, F. G. Is the American elm {Ulmus americana) injured by natural

gas? PI. Physiol. 25: 433-440. 1950.

Henry, A. On elm-seedlings showing Mendelian results. Jour. Linn. Soc. Bot.
39: 290-300. 1910.

Higgins, D. J., & T. Arisumi. Time of floral differentiation in Ulmus ameri-
cana, U. pumila, and U. carpinifolia. Bot. Gaz. 120: 177-180. 1959.

Holmes, F. W. Recorded Dutch elm disease distribution in North America as

of 1959. PL Disease Rep. 45: 74, 75. map. 1961.

Johnson, L. P. V. Fertilization in Ulmus with special reference to hybridization

procedure. Canad. Jour. Res. C. 24: 1-3. 1946.

Lancucka-Srodoniowa, M. Two new genera: Hemiptelea Planch, and Weigela
Thunb. in the younger Tertiary of Poland. (In English; Polish summary.)
Acta Palaeobot. 8: 1-20. 2 pis. 1967.

Liming, F. G. A preliminary study of the lengths of the open vessels in the

branches of the American elm. Ohio Jour. Sci. 34: 415-419. 1934.

Linder, D. H. Some diseases of elm trees. Missouri Bot. Gard. Bull. 19: 61-

69. pis. 16, 17. 1931.

Loiseau, J. E., & A. Hottin. Sur la phyllotaxie et les anomalies des rameaux
vegetatifs de l'orme (Ulmus campestris L.). Compt. Rend. Acad. Sci.

Paris 248: 2785-2787. 1959*

McCoy, E. E. A study of nutritional problems of the American elm. New
Jersey Dep. Agr. Circ. 394. 62 pp. 1954.*

McDaniel, S., & C. Swift. Ulmus crassifolia (Ulmaceae) in Florida. Sida 3:

115, 116. Map. 1967.

McLean, D. M. Histo-pathologic changes in the phloem of American elm af-

fected with the virus causing phloem necrosis. Phytopathology 34: 818-

826. 1944.

Melville, R. Typifkation and variation in the smooth-leaved elm, Ulmus car-

pinifolia Gleditsch. Jour. Linn. Soc. Bot. 53: 83-90. pi. 3. 1946. [= U.

carpinifolia Ruppius ex Suckow.]

Ouellet, C. E. Factors able to influence the multiplication of the American

elm (Ulmus americana L.) by cuttings of leafy branches. (In French.)

Canad. Jour. PL Sci. 42: 150-162. 1962.*

Peace, T. Pathology of trees and shrubs: with special reference to Britain, xx

+ 753 pp. Clarendon Press, Oxford. 1962. [Diseases of elm, 417-427,

life cycle of Dutch elm disease.]

Peterson, E. B., & A. W. H. Damman. Convection plumes from Ulmus ameri-

cana L. Science 148: 392, 393. 1965.

Pirone, P. P., B. 0. Dodge, & H. W. Rickett. Diseases and pests of ornamental

plants, x + 775 pp. Ronald Press Co., New York. 1960. [Ulmus, 699-

710.]

Richardson, F. C, & L. Frederick. A comparative study of the nodal anatomy

of Ulmus americana and U. pumila. (Abstr.) ASB Bull. 11: 54. 1964.

Richens, R. H. Studies on Ulmus: I. The range of variation of East Anglian

elms. Watsonia 3: 138-153. 1955. [U. carpinifolia, U. glabra, U. procera.]

Sargent. C. S. Ulmus. Silva N. Am. 7: 39-58. pis. 311-315. 1895.



30 JOURNALOF THE ARNOLDARBORETUM [vol. 51

. Manual of the trees of North America (exclusive of Mexico), ed. 2.

xxvi + 910 pp. Map. Boston & New York. 1922. [Ulmus, 308-316.]

Sax, K. Chromosome numbers in Ulmus and related genera. Jour. Arnold Arb.

14: 82-84. pi. 56. 1933. [Undocumented chromosome counts.]

Seymour, F. C. The type of Ulmus amerkana L. Rhodora 54: 138, 139. 1952.

Shattuck. C. H. A morphological study of Ulmus amerkana. Bot. Gaz. 40:

209-223. pis. 7-9. 1905.

Smalley, E. B., & A. J. Riker. Tropical members of the Ulmaceae resistant to

Dutch elm disease. Forestry Res. Notes 77. 4 pp. 1962* [With refer-

ence to breeding.]

Smith, L. M. Key to the Ohio elms in the winter condition. Ohio .Nat. 5: 316.

1905.

Smithson, E. Development of winged cork in Ulmus }

Leeds Philos. Lit. Soc. Sci. 6: 211-220. 1954.

Staub, R. Some variations in fruit, seed, and seedling chart

American elm. Ulmus amerkana L., in relation to geography of seed source.

Diss. Abstr. B. 28(2): 511B, 1967.*

Steinbauer, C. E., & G. P. Steinbauer. Effects of temperature and desicca-

tion during storage on germination of seeds of the American elm {Ulmus

amerkana L.). Proc. Am. Soc. Hort. Sci. 28(1931): 441-443. 1932.

Taylor, L. A. Plants used as curatives by certain southeastern tribes, xi + 88

pp. Botanical Museum, Harvard University. 1940. [U. amerkana, 18, 19;

U. julva, 19.]

Touw, A., & C. G. G. J. van Steenis. Note on Ulmus in Malesia (Ulmaceae).

Blumea 16: 84. 1968. [U. lanceifolia Roxb. in Sumatra & sw. Celebes.]

True, R. P., & S. S. Scouting. Scouting and sampling elms with symptoms com-

monly associated with Dutch elm disease as an aid in eradicating Ceratosto-

mella ulmi. Phytopathology 29: 529-537. 1939.

Ticker. C. M. Seasonal phloem development in Ulmus \ - "

Am. Jour. Bot. 55: 716. 1968.

Tyler, L. J. The influence of temperature on the Dutch elm disease in potted

American elm. Phytopathology 35: 302-304. 1945.

U.S. Dep. Agr., Forest Serv. Woody plant seed manual. U.S. Dep. Agr. Forest

Serv. Misc. Publ. 654. 1948. [Ulmus, 364-367.]

Verral. A. F„ & T. W. Graham. The transmission of Ceratostomella ulmi

through root grafts. Phytopathology 25: 1039, 1040. 1935.

. The longevity of Ceratostomella ulmi in soils. Phytopathology 28:

Walker, R. I. Macrosporogenesis and embrvo development in Ulmm fulva

Bot. Gaz. 99: 592-598. 1938.

: numbers in Ulmus. Science 75: 107. 1932.—
. Megasporogenesis and development of megagametophyte in Ulmus.

Am. Jour. Bot. 37: 47-52. 1950.

Went, J. C. Elm nomenclature. (In Dutch.) Nederl. Boschbouw-Tijdschr. 21:

106-108. 1949.*

Winieski, J. A. Artificial hybridization and grafting methods with Ulmus ameri-

cana. Proc. Northeast. Forest Tree Improv. Conf. 7: 48-51. 1960.

Wodehouse, R. P. Hayfever plants, xx + 245 pp. Chronica Botanica. Wal-
tham, Mass. 1945. (Ulmus, 86-90, pis. 41, 42; also 166, 172, 182.)

Wyman, D. Elms grown in America. Arnoldia 1: 65-80. 1941; also 11: 79-93.

1951. [Mainly concerned with cultivars.]



1970] ELI AS. GENERAOF ULMACEAE 31

2. Planera J. F. Gmelin, Linn. Syst. Nat. ed. 13. 2: 150. 1791.

Deciduous trees or large shrubs of wet habitats, usually less than 20 m.
tall, with scaly bark, the inner bark reddish brown; branchlets slender,

terete, unarmed, puberulous; lenticels pale, scattered; leaf scars small, ±
orbicular; buds axillary, minute, subglobose, covered with thin, closely

imbricate scales. Leaves petiolate, ovate-oblong, coarsely serrate, acute

to rounded at apex, oblique to rounded at base, pinnately veined, the

veins ± conspicuously anastomosing beneath; stipules free, lateral, ovate,

caducous. Plants polygamous, flowers perfect or often functionally im-

perfect, fasciculate at the nodes of the one-year-old branches, articulate,

short-pedicellate, the pedicels ebracteolate, the lower flowers often stami-

nate. Perianth campanulate, 4- or 5-lobed from midway to near the base.

the lobes rounded apically, greenish yellow, subscarious, submarcescent.

Stamens as many as the perianth lobes in staminate flowers, in carpellate

flowers often reduced or wanting; filaments filiform, exserted; anthers

introrse, ovate, emarginate apically, cordate basally, dorsifixed below the

middle; pollen 4-5-porate, -colpate or -rupate. Gynoecium often rudi-

mentary in staminate flowers; styles 2, elongate, papillo-stigmatic on the

inner faces, united at the base, wanting in staminate flowers; ovary ovate,

stipitate, tuberculate, 1-loculate, the ovule anatropous to shortly amphi-

tropous. Fruit obliquely ovate to oblong, ± compressed, keeled on the

back, with numerous fleshy protuberances, often inclosed basally by
the marcescent calyx, often beaked by the persistent style. Seeds piano-

compressed, ovoid, often oblique, testa membranaceous, endosperm ab-

sent. Embryo straight; cotyledons ± thick, flat, slightly unequal, the

apex of the larger hooded and slightly infolding the smaller, the radicle

minute, directed toward the linear hilum. Type species; P. aquatica

J. F. Gmelin (Anonymos aquatica Walt., nom. invalid., cf. ICBN 1966.

Art. 20, 43.) (Named for the German botanist Johann Jakob Planer,

1743-1789.)— Water elm, Planer tree.

A monotypic genus of the southeastern United States ranging along

the Coastal Plain from southeastern North Carolina south to northern

Florida, west to eastern Texas, and north in the Mississippi Embayment
to southeastern Oklahoma, southeastern Missouri, southern Illinois,

western Kentucky, and western Tennessee. Planera aquatica appears to

be restricted to swamps, margins of sluggish streams or rivers and alluvial

flood plains. It is frequently found growing in permanent water up to a

meter deep, but can withstand long periods of inundation at greater

depths (McAtee).

Flowering begins in February and continues into April, with the fruits

maturing approximately one month following anthesis. The seed viability

has been reported to be very high (McAtee). The seeds are a major

food source for waterfowl, especially mallard ducks. A study conducted

in Louisiana from October through December on 171 mallard ducks re-

vealed that 45.5 per cent of their total subsistence consisted of seeds of
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P. aquatica (McAtee). Other species of ducks occasionally feed upon

the seeds, but not as a major food supply (McAtee, Mabbott). The

seeds apparently remain viable in standing water, thus supplying water-

fowl with an overwintering food.

Several species of Planera have been described on the basis of fossil

leaves and leaf fragments. Planera longijolia and P. Ungeri are attributed

to the Upper and Middle Miocene in the central Rocky Mountain area

(Lesquereux, 1878, 1883), and P. Ungeri has been reported by Heer

from Alaska. Berry (1924) considered the genus to be an old one, with

four Upper Cretaceous species distributed from western Greenland to

North Carolina. Also three or four Eocene species are known only from

North America and the Arctic localities. Planera is also represented in

the Miocene of Europe and North America and in the Pliocene of Europe

and Asia.

The wood of Planera is considered to be of little or no use economically.

In comparison with the wood of Ulmus, Gibson found that of Planera to

be lighter in weight (specific gravity 0.53), poorer in fuel value, weaker,

and more brittle. The wood is described as being soft, light brown in

color with almost white sapwood. Planera differs from Ulmus in that the

annual rings lack the rows of large open vessel-pores common in Ulmus.

The genus is closely related to Ulmus but has partially imperfect flowers

and a characteristic wingless fruit with irregular fleshy protuberances.

Unfortunately little is known of the genus in regard to its overall

biology, i.e., floral anatomy, embryology, cytology, and ecology.

Under family references see also Berry (1924, pp. 158, 159), Gibson (pp.

397-399), Jongmans (pp. 16-18), Kurz & Godfrey (pp. 107, 108), Lesque-

reux (1883, p. 161; 1878, p. 189), Heer (p. 34), Priemer (pp. 453, 454), and

West & Arnold (p. 56).

Berry, E. L. The lower Eocene floras of southeastern North America. U.S.

Geol. Surv. Prof. Pap. 91: 193, 194. 1916.

Mabbott, D. C. Food habits of seven species of American shoal water ducks.

U.S. Dep. Agr. Bull. 862: 1-67. 1920. [P. aquatica, 52.]

McAtee, W. L. Eleven important wild-duck foods. U.S. Dep. Agr. Bull. 205:

1-25. 1915. [Planera, 9-12.]

Sargent, C. S. Planera. Silva N. Am. 7: 61. pi. 316. 1891.

Ward, D. B. The genus Anonymos and its nomenclatural survivors. Rhodora
64: 87-92. 1962. [P. aquatica, 131.]

Wilbur, R. L. The identity of Walter's species of Anonymos. Jour. Elisha

Mitchell Sci. Soc. 78: 125-132. 1962. [P. aquatica, 131.]

Tribe Celteae Dumort., "Celtideae"

3. Celtis Linnaeus, Sp. PI. 2: 1043. 1753; Gen. PI. ed. 5. 467. 1754.

Small to moderate-sized or large trees or shrubs of variable habitats,

the bark smooth or often fissured and conspicuously warty; branches un-
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armed or spinose; buds scaly or naked. Leaves distichous, serrate or en-
tire, often oblique at the base, pinnately 3 (-5) -veined, petiolate, mem-
branaceous to coriaceous, deciduous [or persistent] ; stipules lateral, free,

usually scarious, caducous. Plants monoecious or rarely polygamomonoe-
cious, the flowers vernal, small, pedicellate on the branches of the year,

usually functionally imperfect, rarely functionally perfect, the usually

lower staminate flowers cymose or fascicled, the carpellate flowers soli-

tary or in few-flowered fascicles from the axils of the upper leaves.

Perianth imbricate, slightly to deeply 4(5)-lobed, the lobes deciduous.

Stamens as many as the perianth lobes, inserted on the usually densely

pilose receptacle; filaments subulate, sometimes incurved in bud and
spreading elastically, exserted after anthesis; in carpellate flowers usually

shorter and included and often nonfunctional, rarely wanting; anthers

ovate, dorsifixed just above the emarginate base, close together and face

to face in bud, extrorse. Gynoecium in staminate flowers minute and
rudimentary; in carpellate flowers style short, sessile, divided into two
divergent, elongate, reflexed lobes, the lobes entire or bifid, papillate-

stigmatic on the inner face, deciduous; ovary ovate, sessile, 1-loculate;

ovule anatropous, with two integuments. Fruit a fleshy drupe, ovoid or

globose, the outer part of mesocarp thick and firm, the inner thin and

fleshy, the stone thick-walled, bony, smooth or rugose. Seed filling the

locule; endosperm scanty, gelatinous, nearly inclosed between the folds of

the cotyledons, or wanting; seed coat membranaceous, the chalaza col-

ored, close to the minute hilum. Embryo curved; cotyledons broad, fo-

liaceous, conduplicate or rarely flat, variously folded, corrugate, incumbent

on or embracing the short superior radicle. (Mertensia HBK. non L.,

Momisia F. G. Dietr., Solenostigma Endl.). Type species: C. australis

L., of Europe and Asia. (Name the classical Latin one given by Pliny

for an African lotus with sweet berries, possibly Celtis australis.) —
Hackberry, sugarberry, nettle-tree.

A genus of 50-60 species widely distributed in temperate and tropical

regions of the world, with five species in our range. Because of the com-

mon occurrence of intergrading forms, as well as ecological variations, the

species are at best poorly defined and are much in need of careful bio-

systematic study. The species enumerated here should be considered as

tentative. Many of the minor variants have been described at various

subspecific levels.

Combining mainly vegetative and floral characters with geographical

distribution Planchon divided Celtis into four subgenera, two of which,

Celtis and Momisia, are represented in our area. Subgenus Sponioceltis,

composed of three species with linear, entire stigmas, the flowers borne in

cymes with the staminate and/or polygamous flowers borne near the

apex of the branchlets, is disjunctly distributed in tropical America and

Malesia. Celtis Swartzii Planch., of the Greater Antilles, is closely

related to the Malesian C. cinnamomea Lindl., but C. trinervia Lam.,

attributed to this subgenus by Planchon appears to be placed better in
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subgen. Celtis. Subgenus Solenostigma Planch., characterized by two-

lobed or emarginate stigmas and the flowers borne in cymes, is restricted

to southern Asia and Australia. The monotypic genus Mirandaceltis A.

J. Sharp was established for C. monoica Hemsl., of Mexico, which differs

in leaf venation and drupe size and which is perhaps somewhat inter-

mediate between Celtis and the Asiatic genus Zelkova.

Subgenus Celtis (subgen. Euceltis Planch.), widespread, mostly

throughout the mild-temperate regions of the world, is characterized by

linear, entire stigmas and staminate flowers fasciculate in the axils of

new leaves. Three species occur in eastern North America. Celtis laevi-

gata Willd. (C. mississippiensis Bosc), In = 20, with drupes 5-8 mm.

long and narrow entire to somewhat serrate leaves, ranges from south-

eastern Virginia, south through Florida, and west to southern and western

Texas, northeastern Mexico and southeastern Oklahoma, southern Kansas,

Missouri, southern Illinois, southern Indiana, and central Kentucky.

Varietas Smallii (Beadle) Sargent (C. Smallii Beadle), of questionable

status, differs only in its constantly serrate leaves. Shorter, thicker

leaves and more pubescence dubiously separate var. texana (Scheele) Sarg.

(C. texana Scheele) from var. laevigata. A shrub or small tree, generally

of exposed habitats, with drupes 5-8 mm. long and relatively small,

often entire leaves, C. tenuijolia Nutt. is found from southeastern Pennsyl-

vania to Indiana, northern Illinois, Missouri and eastern Kansas and

south to eastern Oklahoma, Louisiana and northern Florida. Fernald &
Schubert distinguished var. georgiana (Small) Fern. & Schub. (C. georgi-

ana Small) on the basis of its pubescence and leaves which are coriaceous

and scabrous above. A third species in our range, C. occidentalism In =
20, 28, has a more northern distribution, ranging from Massachusetts and

New Hampshire to New York, southern Quebec, southern Ontario, cen-

tral Michigan, southern Manitoba, Minnesota and central North Dakota,

south to western Nebraska, northeastern Colorado, southeastern Wyoming;
western Kansas and western Oklahoma, east to Arkansas, Alabama, and

Georgia. Varietas pumila (Pursh) Gray (C. pumila Pursh) is based on

plants with submembranaceous to membranaceous leaves which are

conspicuously inequilateral at the base. Boivin (1967) described var.

Soperi from southeastern Ontario and from northern Illinois on the basis

of the leaves being regularly dentate. Other species within the continental

United States which are assignable to this subgenus are C. Lindheimeri

Engl., of central and southern Texas, and C. reticulata Torrey (C.

Douglasii Planch.), of the western states (Wyoming and Idaho, west to

western Washington, south to Oregon, eastern and southern California.

east to Arizona, northern Mexico, New Mexico and western Texas, wes-

tern Oklahoma, and Colorado).

Subgenus Momisia (F. G. Dietr.) Planch, with about 15 species in

the Neotropics, is centered in Brazil and attains its northernmost limits

in southern Florida and the southwestern United States. The flowers

have linear, bifid or twice bifid stigmas, and they are borne in racemes.
Typically shrubs, the species usually have solitary or paired axillary spines
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in the stipular position. Celtis iguanaea (Jacq.) Sarg. (Momisia igua-

naea (L.) Rose & Standi., M. aculeata (Swartz) Klotzsch) is reported

from the southwestern coast of Florida and the Coastal Plain of Texas.

The smaller- and scabrous-leaved C. pallida Torr. {Momisia pallida

(Torr.) Planch.), common in central, western and southern Texas, New
Mexico, Arizona, and in Mexico from Chihuahua to Baja California

south to Oaxaca, is also known from the western coast of peninsular

Florida.

Chromosome numbers reported for Celtis (six species) are In — 20,

22, 26, 28, and 40. Sax noticed in C. occidentalis very irregular meiotic

divisions with little pairing and with the univalent chromosomes irregularly

distributed. Although 80 per cent of the pollen was sterile, a large num-
ber of fruits were produced. As Sax indicated, if the species contains two
different basic sets of chromosomes with only a few homologous chromo-

somes or parts of chromosomes it could breed true only by some form of

apomixis, a problem in Celtis that has not been investigated, but one
which may be crucial in the taxonomy of the genus.

Flowering of Celtis species begins with or shortly after the appearance

of the leaves in early April to late May. The drupes, ripening in Septem-

ber and October, are dark red to purple and are often sought after by
animals. The fruits are eaten principally by birds, which in turn aid

in the dissemination of the hard stones.

Numerous fossilized stones of the drupes of Celtis have been dis-

covered in Europe, in Asia (including Japan), and in the western, mid-

western, and southern United States. The first records are apparently

from the early Eocene in Wyoming and the late Eocene in Georgia

(United States) with only one European species. Continuing through the

Oligocene, Celtis species are best known from the Miocene (at least nine

species). Fossilized material of Celtis from the Pliocene is sparse, and

even less is known of the genus in the Pleistocene.

Perhaps the most obvious disease of hackberries is the characteristic

"witches-broom" produced by numerous proliferations at the branch

tips. Although the cause is not clearly understood, a mite, Eriophyes,

and the powdery mildew Sphaerotheca phytophylla are almost consis-

tently associated with outbreaks of the deformations. No effective con-

trol is known. Although at least 17 types of insect galls occur on Celtis

occidentalis, four caused by species of the genus Pachypsylla (Hemiptera)

appear to be most prevalent. Damage to the trees is probably slight,

even though the adults overwinter in the cracks of the bark. More serious

threats, when abundant, are the spiny elm caterpillar, which is the larva

of the mourning cloak butterfly, Nymphalis antiopa, and the larva of the

hackberry butterfly, Chlorippe celtis, both of which feed upon the leaves.

The hackberry engraver beetle, Scolytus muticus, often is found on the-

dead or dying branches.

The wood of both species is clear, light yellow with a thick, lighter-

colored sapwood, but that of C. occidentalis is coarse grained, while that

of C. laevigata is described as close grained. The secondary xylem is
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also characterized by thin medullary rays and numerous small groups

of small ducts arranged in intermediate concentric rings. In a comparison

of the wood of temperate and tropical species of New and Old World

Celtis, Cox and Grumbles independently showed that the species of

temperate areas were ring-porous, while the tropical species were diffuse

porous, an obvious reflection of the effects of seasonality on the trees.

Only C. occidentalis and C. laevigata, of the species in our range, are

large enough for the rather soft, weak wood to be utilized to any extent.

The wood is used largely for posts, inexpensive furniture, boxes, crates,

barrels, and other miscellaneous items. Described as a good tree for

shade, species of Celtis are planted as yard and street trees. At least

seven taxa, mainly from southeastern Asia and China, have been intro-

duced into the United States.
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4. Trema Loureiro, Fl. Cochinch. 562. 1790.

Evergreen trees or shrubs of tropical forest margins and disturbed

areas, the bark usually lightly fissured; branchlets terete, unarmed,

variously pubescent, usually with conspicuous lenticels; buds axillary,

narrowly ovate, covered with thin imbricate scales. Leaves distichous in

ours, petiolate, variously serrate [to subentire], pinnately veined, usually

conspicuously 3-veined at the base, the veins prominent beneath; stipules

free, lateral, subpersistent to persistent [caducous?]. Plants monoecious

[subdioecious], the flowers imperfect or polygamous (but then functionally

imperfect), articulated with the pedicel, in axillary, subsessile cymes.

Staminate flowers with the perianth 4- or 5-lobed, the lobes united near

the base and induplicate-valvate or slightly imbricate; stamens 4 or 5,

the filaments flattened, included to equalling the perianth lobes, the anthers

introrse, ovate, dorsifixed below the middle; pollen 2-porate, suboblate,

a rudimentary ovary usually present with numerous hairs at its base.

Carpellate flowers with 4 or 5 flattened perianth lobes, the lobes united

near the base, ± imbricate; style central, divided to the base, the two

branches linear, minutely plumose-stigmatic on the inner faces; ovary

sessile with numerous pilose hairs inserted at the base, 1-loculate, ovule
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amphitropous; stamens wanting. Drupe small, ovoid or subglobose, in-

closed basally by the persistent perianth, often beaked by the persistent

style, smooth [pitted] ; exocarp ± fleshy, endocarp hard; seed with fleshy

endosperm. Embryo curved or nearly involute; cotyledons narrow, ra-

dicle folded inward and ascending. (Sponia Comm.) Type species: T.

cannabina Lour.; for discussion of the identity of the type and appro-

priate synonyms see E. D. Merrill, A Commentary on Loureiro's "Flora

Cochinchinensis
,>

132, 133. 1935. (Name Greek, trema, hole, in reference

to the sometimes pitted drupe.)
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floridana Britton) occurring in our area. Trema Lamarckiana is found in

southern Florida (Dade and Monroe counties), including the Florida

Keys, and from Bermuda and the Bahamas to the Greater Antilles and
into the Lesser Antilles from Saba to St. Vincent. Readily distinguished

from T. Lamarckiana by its larger leaves which are not scabrous beneath,

T. micrantha is widespread in the West Indies and coastal Mexico south-

ward to Central and South America and occurs in our area from the

Florida Keys northward to central peninsular Florida. The species of

Trema are highly variable and often confusing, and the taxonomy of the

genus is poorly understood.

Characterized by their spreading crowns and horizontal to slightly

drooping branches, species of Trema are generally secondary forest trees

and usually indicators of secondary succession. In a study of succession

in old clearings on Barro Colorado Island (Panama), Kenoyer (1929)
found that T. micrantha, along with Cecropia, Apeiba, Ochroma, and
Cordia were the first trees to establish themselves. Other species of Trema
have been reported as secondary forest indicators or major components
in various stages of secondary succession in western Africa and Malaya.
The rapidly growing trees are also found along forest margins and in

disturbed areas, both natural (e.g., gravel bars) and man-made (road-

Cytologically the genus is poorly known. The chromosome number of

Trema orientalis Blume has been reported as 2n = 20, 36, 40 and that of

T. cannabina as In = 40. Anatomically Trema is closely related to Celtis.

Of the ulmaceous genera tested by Stake (1931) only Trema and Celtis

had cystoliths in the upper epidermis, mainly in association with the

hairs. Mucilage cells are common in the mesophyll of all species of

Celtis and of many of Trema, but are lacking in the two Trema species in

our range. Little is known of the embryology and floral biology of

Trema.

Flowering and fruiting appear to occur throughout most of the year

with the flowers often noticeable in early spring (late March and early

April). The minute greenish flowers are soon followed by tiny orange to

bright yellow (?) drupes. The wood has been described by Little & Wads-
worth (1964) as light brown, soft, weak, lightweight and of limited use.

In Puerto Rico the wood is occasionally used for fence posts and fuel

and the strong fiber in the bark for cordage. The inner bark is light

brown or pinkish and is tasteless to slightly bitter.
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